The aim of this study was to compare the effects of Mediterranean-type diet (MD), high-fat diet (HFD), and red wine supplementation on plasma concentration of emergent haemostatic cardiovascular risk factors (HCVRF) and on variables of primary haemostasis (bleeding time, plasma von Willebrand factor and platelet aggregation/secretion). In a controlled prospective intervention study, two groups (21 healthy males each) received either MD or HFD during 90 days. Between days 30-60, both diets were supplemented with 240 ml/ day of red wine. After adjusting by baseline values, MD was associated with: lower plasma fibrinogen (p =0.03), factor VIIc (p=0.034) and factor VIIIc (p=0.0057); higher levels of protein S (p=0.013); longer bleeding time (p=0.017); and marginal increases in platelet serotonin aggregation and secretion after stimulation with epinephrine. Red wine supplementation, in both diets, resulted in decreased plasma fibrinogen (p=0.001) and factor VIIc (p=0.05), and in increased t-PA (p=0.01) and PAI-1 (p=0.0003). The effects of wine on antithrombin III (p=0.01) were divergent: there was a decrease in the HFD group but it increased slightly in the MD group. No effects of diet or wine were detected in plasma protein C, C-reactive protein or von Willebrand factor. BT did not change significantly with wine supplementation. Wine intake resulted in a significant increase in ex vivo platelet aggregation and secretion after stimulation with collagen (1 and 2 µg/ml, p ≤ 0.01). MD and moderate consumption of red wine have complementary, mostly beneficial effects on haemostatic CV risk factors. The longer BT in individuals on MD, obtained independently of red wine, denotes less interaction of platelets with the vascular wall, which could be beneficial from the point of view of CV risk.
INTRODUCTION
Intervention and epidemiological studies show that certain dietary habits and light-tomoderate alcohol consumption provide cardiovascular (CV) protection. These effects were recently summarized indicating that foods of animal origin were directly correlated to coronary heart disease mortality, whereas an inverse correlation was found for vegetable-food groups, fish and alcohol (Menotti et al., 1999) . Populations consuming a diet rich in vegetables, olive oil, fish and wine (Mediterranean diet, MD) had the lowest mortality among the seven countries included in that study. The benefits of this diet can apparently be transferred to populations of other ethnic origins (KourisBlazos et al., 1999) and have also been reproduced in secondary prevention trials .
Alcoholic beverages, mostly wine, are a constitutive component of the MD. Wine itself appears to add an independent CV benefit to this diet (Grønbaek et al., 2000) . However, despite reports indicating that lightto-moderate alcohol consumption reduces both CV mortality (Thun et al., 1997) and the risk of stroke (Berger et al., 1999) , wine drinking has also been related to the intake of healthier diets (Tjonneland et al., 1999) and other advantageous lifestyle characteristics (Wannamethee and Shaper, 1999) to which CV benefits are attributed. Thus, the health benefits of phenolic acids and polyphenols contained in red wine may be indiscernible in populations that ingest large amounts of fruits and vegetables, whereas these benefits could be distinctly apparent in populations with relatively low intakes of these kinds of foods . In this regard, the proposal that wine is a major determinant of the benefits derived from MD and the French paradox (Renaud and de Lorgeril, 1992 ) still needs to be demonstrated.
Lower rates of CV disease and mortality in Southern European countries could be only partially explained by differences in fat intake or in blood lipid profiles (Langer et al., 1992) . Accordingly, additional mechanisms, like changes in plasma levels of haemostatic factors, should contribute to this protection. Some of these factors have emerged as predictors for coronary heart disease (Ridker, 1997; Medina et al., 2003) ; furthermore, several reports indicate that these are modifiable by diet and alcohol (including wine). In fact, MD on the whole (Bijnen et al., 1996) or distinctive components of this diet, such as lower saturated fat consumption, as well as higher intakes of monounsaturated fatty acids, fruits and vegetables (Weststrate et al., 1998; Roche et al., 1998; Temme et al., 1999; Mezzano et al., 1999) , appear related to a more favorable profile of HCVRF. The same holds true for alcohol or wine, as summarized in a meta-analysis which revealed that CV benefits of alcohol intake are mostly mediated through changes in blood lipids and HCVRF, mainly fibrinogen (Rimm et al., 1999) .
Platelet-vascular wall interactions (primary haemostasis) play a key role in arterial thrombotic events. This explains the increasing use of platelet inhibitors to prevent or treat these conditions. In this context, some of the beneficial effects of MD and wine consumption could be mediated by a reduction in platelet reactivity. Several studies report that diets enriched with fish, a-linolenic acid and spices, abundant in MD, include substances that reduce or could reduce platelet function (Vognild et al., 1998; Allman et al., 1995; Janssen et al., 1998; Ackerman et al., 2001; Srivastava et al., 1995) . Similarly, other reports indicate that the intake of moderate amounts of ethanol or non-alcoholic components of wine for two or more weeks, are associated with a decrease in ex vivo platelet function (Pikkar et al., 1987; Pellegrini et al., 1996; Pace-Asciak et al., 1996; Freedman et al., 2001) .
In this symposium, we summarize the results of an intervention study performed in our unit, which have been recently published (Mezzano et al., 2001; Mezzano et al., 2003) . The objectives of the studies were two-fold: First, to compare the effects of two alcohol-free diets, a Mediterraneantype and a high-fat Western-type diet (HFD) on plasma concentration of emergent haemostatic cardiovascular risk factors (HCVRF) and on variables of primary haemostasis (bleeding time, plasma von Willebrand factor and platelet aggregation/ secretion). Second, we tested if red wine supplementation of both diets modifies these variables, independent of the type of diet.
Study design
This was a controlled prospective intervention study in which two groups, each of 21 healthy male university students (22 ± 3.4 years), received either MD or HFD during 90 days. Between days 30-60, both diets were supplemented with 240 ml/ day of red wine. Baseline (T0) and T30, T60 and T90-day samples were drawn. Bleeding time (BT) was measured before and after wine supplementation (day 30 and day 60 respectively). No drop out from the study was observed. A diagram showing the design of the intervention study is shown in Figure 1 . We measured procoagulant HCVRF (plasma fibrinogen, factors VIIc and VIIIc), anticoagulant proteins (antithrombin III, proteins C and S), profibrinolytic factor (tissue plasminogen activator, t-PA), antifibrinolytic factor (plasminogen activator inhibitor, PAI-1) and variables of platelet-vessel wall interaction: BT (an overall in vivo test assessing this interaction), plasma von Willebrand factor (vWF:Ag), which initiates the platelet adhesion to the vascular wall and platelet aggregation and secretion capacity after stimulation with various agonists.
RESULTS
To test the compliance with diets, we measured several variables, which distinguish the intake of MD and HFD after 30 days of either one or the other diet. As expected, individuals on MD had significantly higher levels of plasma β-carotene (0.49 ± 0.19 vs. 0.23 ± 0.14 µmol/ L; p < 0.0001), ascorbate (55.9 ± 11.2 vs. 29.7 ± 8.9 µmol/L; p < 0.0001), folate (14.2 ± 4.3 vs. 10.5 ± 2.6 nmol/L; p=0.0019) and eicosapentaenoic acid in the plasma lipid fraction (1.5 % ± 0.7 vs. 0.85 % ± 0.3; p=0.001), than those on HFD. Interestingly, dietary and wine interventions did not result in significant changes, at any time point, in total plasma cholesterol (Fig 2) , HDL and LDL in either study group, confirming the notion that diet effects on CV risk could be independent of changes in plasma lipid profile.
No significant differences were observed in plasma concentration of HCVRF at baseline (T0) between groups on MD and HFD. Given that inflammatory stimuli induce increase in some coagulation proteins, C-reactive protein was measured at all times in all volunteers as a control for inflammatory changes within individuals and within groups. Neither significant baseline differences, nor changes induced by diet or wine in this inflammatory marker were observed (results not shown).
The effects of diet alone were tested comparing values of each variable for MD and HFD at T0 and T30, a period without wine supplementation (Fig 3) . Volunteers on HFD at T30 had 22 % increase in procoagulants fibrinogen, 9 % increase in factor VIIc, and 4 % in factor VIIIc, and decreases in natural anticoagulants antithrombin III (3 %), protein C (11 %) and protein S (6 %) and of 20 % in plasminogen activator inhibitor-1 (PAI-1) (data for antithrombin III is also shown in Fig 3) . At the same time, individuals on MD had marginal increases in fibrinogen (4 %), antithrombin III (5 %), protein C (3 %), protein S (2.7 %), and decreases in factor VIIIc (9 %), and plasminogen activator inhibitor-1 (PAI-1, 21 %, Fig 4) . After adjusting by baseline values, MD was associated with lower plasma procoagulants fibrinogen (p =0.03), factor VIIc (p=0.034) and factor VIIIc (p=0.0057) and with higher levels of the anticoagulant protein S (p=0.013). Taken together, all these changes can be interpreted as indicating a CV protection of MD against thrombin generation and fibrin clot deposition in the circulation. The effect of red wine supplementation was tested comparing values obtained after 30 days with wine (T60) in both diets, with values at T30 + T90/2. Furthermore, to control for a longer than expected wine effect, comparisons at T60 and T30 were performed. As shown in the same Figures, wine intake resulted in a diet-independent decrease in plasma fibrinogen (p=0.001) and factor VIIc (p=0.05), and in an increase in tissue plasminogen activator antigen (t-PA)(p=0.01) and plasminogen activator inhibitor-1 antigen (PAI-1) (p=0.0003). Wine consumption was also associated with significantly (p=0.01) divergent effects on antithrombin III: it decreased by 10 % in individuals on HFD but increased slightly in those on MD. These findings show that red wine intake has an overall potentiating effect of MD, by decreasing the procoagulant potential of plasma and increasing its anticoagulant properties. In this regard, the wine-induced increase in plasminogen activator inhibitor-1 antigen (PAI-1) is paradoxical, since its net effect would be a decrease in the capacity of plasma to lyse clots. With regard to variables related to platelet-vessel wall interaction, individuals on MD had longer BT than those on HFD (7.6 ± 2.8 vs. 5.8 ± 1.7 min; p = 0.017) measured at T30 (Fig 5) . BT did not change significantly after 1 month of wine supplementation (7.1 ± 2.0 vs. 5.5 ± 2.0 min, respectively). BT is an in vivo test which is altered in conditions of abnormal interactions of platelets with the vessel wall. Plasma concentration of von Willebrand factor was not significantly different between diet groups at baseline and did not change significantly at 30, 60 or 90 days. Von Willebrand factor is a three-compartment (intraplatelet, circulating and subendothelium matrix) glycoprotein which mediates the interaction of platelets with the vascular wall, and whose increased concentration has been directly related with CV risk. MD intake was associated with an increase in platelet serotonin secretion (p = 0.02) after stimulation with epinephrine. Wine intake resulted in a marginal decrease in platelet 14 C-5-HT (serotonin) secretion with 4 µM ADP (p = 0.07), whereas both platelet aggregation and secretion were consistently increased when using collagen as agonist (p ≤ 0.01). These results stand against the commonly accepted notion that red wine decreases the CV risk by inhibiting platelet function, appealing for additional explanations for the French paradox (Renaud S and de Lorgeril M, 1992). Our studies confirmed the overall health advantage of a MD (less total and saturated fats and red meat, but richer in monounsaturated fatty acids, white meat, fish, fruits and vegetables). It also revealed that the addition of a moderate amount of red wine further improves the haemostatic profile of this type of diet, as well as that of individuals with higher fat diets. The net effect of combining diet and red wine is a decrease in the procoagulant potential of plasma. However, a note of caution must be added, regarding a possible antifibrinolytic effect of wine, when it supplements the MD. With respect to primary haemostasis, MD, independent of wine, was found associated with a longer BT. This finding denotes less interaction of platelets with the vascular wall, which could be beneficial from the point of view of CV risk. This effect is not explained by changes in the measured haemostatic determinants of BT (plasma von Willebrand Factor, ex vivo platelet function), and might be attributed to other yet unknown vascular factors.
It is unlikely that abundance of fish or ω-3 fatty acids in the diet could explain the observed effects (Dyerberg and Bang, 1979; Goodnight et al., 1981) , because fish intake in our MD group was lower than that used in previous specific intervention studies, and it did not result in significant changes in platelet aggregation/secretion. Nitric oxide (NO) and prostacyclin (PGI 2 ) produced by endothelial cells reduce platelet-vessel wall interactions and both induce prolongation of BT (Simon et al., 1995; Ubatuba et al., 1979; Gerrard et al., 1992) . In this context, it is possible that the modulation of NO on platelet-endothelium interactions could account for the longer BT presently observed for individuals on MD.
However, a highly significant increase in the aggregation and secretion of platelets exposed to low and high collagen concentrations was observed. This finding contests the widespread notion, summarized in recent reviews, that red wine inhibits platelet function (Wollin and Jones, 2001; Booyse and Parks, 2001) . In fact, the undisputed CV benefits of moderate red wine consumption parallels the wide consensus that wine effects are, at least in part, induced by inhibiting platelet reactivity (Ruf, 2004) . This notion is weakened by the fact that published studies assessing the effect of wine on platelets are highly heterogeneous and that the inhibition observed with a single stimulus is often not reproduced with other agonists. Moreover, a distinct increase in ex vivo platelet function has been observed with some agonists in association with wine intake, and an additional increase in platelet reactivity, referred to as the rebound effect, has been noted after alcohol withdrawal (Renaud and Ruf, 1996) . In this regard, our finding of increased platelet aggregation/ secretion with collagen closely resembles a rebound effect, given that it arises several hours after the last drink, with no alcohol remaining in the blood. This situation best reflects the physiological status of a moderate wine drinker. The potential antithrombotic advantage of consuming a Mediterranean-type diet associated with a moderate amount of red wine has not a straightforward biological explanation. Even though a balanced ratio of ω-6/ω-3 essential fatty acids and abundance of antioxidant compounds may have a mild anti-inflammatory effect (de Lorgeril and Salen, 2000) , the lack of significant differences in plasma levels of C-reactive protein between both diets does not support this interpretation. The possibility that a decreased oxidative injury derived from MD and red wine consumption (Visioli, 2000) modulates the coagulation system deserves a systematic evaluation.
In our studies, we tested the effect of red wine because it constitutes the major alcoholic beverage consumed with MD. As previously discussed, some of the effects observed in our study have also been attributed to ethanol contained in other alcoholic beverages. It remains to be established the relative contributions of alcohol and other constituents of red wine, such as polyphenols, in the improved CV risk factor profile associated to moderate red wine intake.
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